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By L. J. Chorubin and J. J. Fitzgoruld, GE, KARL 

A brief description of the air cleaning rcquiromonts at the Knolls Atomic 
Powor Laboratory is given. A total of 40’7,600 cfm of air is cleaned ixiwhich 
the CWS-6 filter units are used to clean approximately 80 per cent of the air 
at the Iaboratory. Caustic scrubbers and an electrostatic precipitator are 
utilized in specific air cleaning operations. 

The officicncy of the air cleaning units is indicated by the low concentra- 
tions of radioactive and toxic materials in the environs which are tabulated. 

The collection efficiencies of six filter media used for air cleaning and 
air sampling are tabulated as a function of face velocity and particle size. 

IRTRODUCTION 

Before discussing the air cleaning requirements and investigations at the 
Knolls Atomic Power Laboratory, it seems appropriate that one should describe 
the Laboratory and its progrsm. The Knolla Atomic Power Laboratory is operated 
by the General Electric Company under contract with the United States Atomic 
Enera Commission. Mr. Karl R. Van Tassel is the General Manager. Dr. Kenneth 
B. Kingdon is the Technical Department Manager while Mr. F. E. Crever, Jr., is 
the Engineering and Projects Department M‘anager. 

The Knolls Atomic FoTder Laboratory is primarily concerned with the develop- 
ment, design, manufacture, and installation of an intermediate reactor for sub- 
marino propulsion. This reactor, first of its type, uses,uranium as fuel and 
sodium 86 a coolant and will be installed in an actual portion of a submarine 
under construction at our West Milton Site. The reactor and engine room com- 
pertment of this submarine prototype will be enclosed in a tank of water located 
within a gas-tight 225 foot steel ophcre, the largest ever built. The Jaboratory 
is also engaged in developing a submarine intermediate reactor for actual instal- 
lation in a sea-going vessel. In addition to this type of work, KAPL is reopon- 
sible for furniohing the nccesoary dovclopmcnt York as assistance to the Hanford 
and Savannah Rivor operational offices. Thio offort is directed toward improving' 
production facilities. 

The work on these projects, illustrated in Figure 1, is carried on in the 
following facilitioo: the Icliolls Atomic Power hboratory, located in the Town 
of NioLaiywm; Peck Street Site, located in the city of,Schcncctady; the Alplaus 
Site, located in the Town of Alplauo, nnd the West H5lton Site, locutcd in the 
Tam of Gloat WIton. The Knolls Atomic Powor Laboratory (YX'L) is located on a 
plot of approximltcly 170 ucrcs of land in the Town of Niskuyuna, Now York, 
about 5 lailoo cast of the cantor of the City of Scim-mctady and about l/2 mile. 

:from the Gcnoral Electric Compny Roocurch Laboratory. It WQO complotod Janu- 
ary 1, lpfjo, at a coot of approxi~toly $28,OOO,OC3. 
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The Atomic PoVcr Lriboratory, (rn ClllcwIl I.11 the coJl~?,aJitc phloto~,r~lphu, corlrlioto 

of a m:lill pxnlp of fivo intcrcolnlcctcd buj.ldirlGu providing npaco for adminiotrli- 
tion, cafctcria, phy~jca laboratory, gcnornl ohop~~, and motnllur~ical and cngl- 
nccrinc laboratorioo. In addj.tibn, thcro lo another group of thrco intcrconncctod 
buildillCO housing a chemical laboratory, pilot plant )nborntory, and Separation0 
Procooo Rcooarch Unit. A I'hero are a100 12 dotucllcd building0 providjng for acrvice 
facilltico. There io approximately 371,000 square feet of grooo floor space in 
thaso facilitioo. Additional rzitc facilitioo include Q Preliminary Pi10 Anocmbly 
which io a floxiblo mockup for the intermediate nuclear reactor, a Thermal Tcot 
Reactor, ur;cd primarily for rcocarchpurpooco, and Tont Co118 for a Hedioactivo 

Natorials Laboratory. 
Approximately 20 per cent of the otaff is employed at the Peek Street Sltc 

located in Schenectady about onc.milo north of the center of the city, and the 
liquid metal research work io conducted at the Alplauo Site which io oituatcd in 
t.& Todn of Alplauo, approximately 3 miles northecact of Schenectady. 

The West Milton Site is located on a plot of about 4,000 acres in the County . 
of saratoga, approxjrsately 18 milcr, north of Schenectady. The construction of 
the 223 foot sphere to house the oubmarinc prototype, ohown in the componite photo- 
graph, hao been completed and the ophcro hao been successfully.prosour tested. 
Six permanent-type buildings will be erected at this oite. There are approxinntoly 
2,000 people employed at the I'nolle Atomic Po*rer Iaboratory and ita facilities. 

AIR CLEANING REQUIRENEXTS AT KAPL 

To dcocrlbe the YXPL air cleaning program, the air cleaning rcquiremento will 
be enumerated by a consideration of the number8 and types of air cleaning ByetemR 
ur;ed together with the capacities of those Gystemo and the area.8 serviced. The 
efficiencies of these air cleaning system8 fill be indicated by the concentrations 
of toxic elements in the stack air effluent0 and environs. 

However, before illustrating the data on the KAPL air cleaning systems and 
the concentrations of toxic material0 in the otack effluent and the environs, a 
few picture& of the stack air cleaning systems, typical area6 ventilated and the 
environmental monitoring equipment k Till be presented to aid in the deocription of 
the KAI'L air cleaning program. 

A loo-foot otajnlcso oteel atack eerving the Sepnra&ons Pilot Plant is sho;ni 
in Photograph X-20306. The Liquid tlaote Proccssi!G building which io oituated to 
the loft of the mainbuilding in the photograph ham a >O-foot hi& stainleua steel 
stack. To the right of the lOO-foot stat, b io a caustic vent scrubber acrving in 
oerieo with a glues wool CWS filter unit. Separationo Yroccoo gcaeu and entrulncd 
particulate material are vented throu~thio scrubber and CXE filter. on top of 
the Pilot Plant fiulllding you can DCB one of many typical o-tubby nir exhaust pj.y,es 
utilized at KARL. Thooe exhmnt -pipet? cre approximately lc to 20 feet above roof 
levc3.0. 

A typical filter unit enclooing gleou wool nnd CJE fil.tcrB ia nho;m i.n Photo- 
graph 1120929. A portion of the cyclone ccpzator which prcccden the electro- 
static precipitator jr the Special Eaterialo Machine Shop %lhorc bcryl2lum and 
uranium are machined j.n depj.ctt!d jn Photopnph lC@~~~>. A hood in which hif$ly 
rzdioactivo materjala are manjpulatcd io illuntratcd in Photograph 13X898. P!lotO- 
graph lo&g92 nhohTO vontilation provided j.n the Special Xotcrialo Machino Shop. 
PhotoL:raph 132Ow8 rluplcto a cave aroa in uhj.ch highly riLclioactivc ma.torialo nre 
atudicd for radiaiju;l dunago or offoct on reactor ntracturnl material or fud. 

olomunto. A typicnl air monitoring inotrumoutation omployod at Y3PL in ohorm in 
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Photograph 1096933. A Cbl countor and an air Ionization chumbor aro uaod for the 
mo~~itorjng of air in the cnvirono. 

, ‘ 

Photogrnyh llOT[l', dopicta an onvironmontnl colltinuouo air prrrticulato moni- 
toring unit employing a CM countor, a vibrating rood oloctromotor and co~~tj~~uouo 

rocorrlor, Bcalora and recordora for tho two GbI countora. 
An I-131 acrubbor uood for atack and onvironmontcl air monitoring purpoooa 

io illuotroted in Photograph llO)r)+llr, Not ahown, howover, ia a Kunno Chamber 
unit uaod to dotoct the rndionctivo nob10 guaoa and tritium. 

The data in Tablo 1 indicate the vurioua buildinga on tho Knolla Site, the 
numbor of air oxhnuat units, the total cnpaclty of the air cleaning units, tho 
type of air cloanlng oyBtcmt3, a general doacriytion of areaa vontilatod, and a , 
number of unit0 served or zonon covorod. You can. rortdily Boo that the glaoa 
wool CWS filter ayatcma predomlnato, that tho cyclone aoparator-olectrostatic 
precipitron ia a major oystorn while the cauotic ocrubbora are confinodto eorv- 
ing the vuuting of proceoo veaselo in the Pilot Plant and Wont a very omall 
voluw of the laboratory air at KAPL. 

Tho nature and amounts of tosic elemonte emitted in 1952 from the various 
laboratory buildings are liatod in Table 2. Emioaion of radiogaac6 io aaaociated 
with short periods (a few houra)‘and dilution in large volume of stack air. 
Thcae gnaca have presented no eignificant health hazard problems at MPL. All 

. these toxic clcmento are released into atncka discharging from 40,000 cubic feet 
of air per minute or more. .The Separation8 Pilot Plant atack effluent ia the 
moot bcportant; factor in the contamination of atmosphere with fiBsion products 
and alpha activity. The otack effluent from the Special Materials &'&hi.ne Shop 
building (D-3) ie the major potential oource'of beryllium conl;aminaticQ in the 
enviromcnt. 

The data in Table 3 indicdte to aae dogreo the radiation lovela at contact 
aaaocinted with the particulate filters. AG one would expect proceB8 cell air 
filtera are the hi.&oat. 

The range of concentration8 of the various toxic elements iii the KAPL stack 
air effluents are illustrated by the data in Table 4: The data indicate that 
etmoapheric air dilution must be relied upon for the Separations Pilot Plant 
etnck exhaust air but the dilution factora required are low even at the ma4:imum 
concentrations. , * 

The data in Table 5 indicate that atmoephcric dilution ia also required to 
.reduco I-I31 concentration cmittcd from the Separationa Pilot Plant, and the 

beryllilun concentration released from the Special Materials Machine Shop build- 
ing to permiaaible concentrationa in the environs. The data indicate that the 
CWS filtera are vory affective in removjng beryllium from laboratory hood ex- 
hnuat air. .- 

The data liatcd in Tab10 6 chow that no cbnccntration of beryllium above 
the prcacribcd limit of O.Ol/~g/E13 ua8 detected in the onvirona. The radioactive 
particle count repreaente aa.mpling of three on-aito and two off-aite locr.tiona 
and in diluted by data from the Wcat Milton Site. Thcoe dntn al.30 reflect out- 
Bide influencea ao well; howe.fcr, maximum particle count0 from KAPL opcrutiona 
exceed thoae auaociotcd with outaidc influence. The local particle problem rc- 
oulta from the entrainment of particulate material from the ooparatioim procoaa 
oparotiona rother thfm from atack corrosion. 

The filterable partlculr~tc fiaaio:l,product concontraliona which were dotor- 
ml.nod nt the environmental ntntiozn at Kf:?L and Woot Nilton are illustrated In 
Tablo 7. Theao conccntrntiona roprcoont j-or I&-day avoragoa. Duilding M-2 la 
in tho prevniling wind direction from the atuck tiG n diotanco nppro>cjmlto~$ 10 
I’( ‘.ck hOi&tAJ OWOY. Tho Woat Milton dirltn are conaidorod background dutu for 
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TABLE 3 . 

ACTIVITY IJZ'VEIS OF AIR CJZANITJG SYSTWS 
. 

.Building 

ET1 

E-2 

G-l 

G-2 . - 

H 

. l 

RadJ.ntion Lovol8 

Area ' 
(Contact Kcaouremcnt) 

mlWp/hT mr 

hboratory Hood Filter 500 50 

Radioactive Eintorials 
hboratory 10 5 

laboratory Hood Filter 175 10 

. Hood Filter 370 14 

. Cell 1Filter . 20,000 1,500 at 3 ft. , 

'Pipe Tunnel Filter : 950’ 150 
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Filter 
Elodia 

w-40 

w-41 . 

H-70 

. Am-1 

cc-6 

WASU-170 
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Efficiency. 

Effi- PtWt~Clt3 Face Effi- 
ciency, SiZO, 

Per Cent Micron Por Cent 

99.7 x-2.1 100 59.3 

99.6 2.1 10 85.2' 

99,Y 2.1 5150 97.0 

>YY.Y 2.1 5~80 . 92.9 

>YY.Y 2.1 2 98.2. 

syy.9 2.1 20,50,80 97.5 

.\ 

TABLE Jl ’ 

ICETIC~CY OF FILTER NED& 

Filter 
Media 

w-40 

w-41 

H-70 

A&l 

cc-6 

. Per Cent Efficiency 
(at 50 cm/oec and for 
0.2 micron prticle~) 

i 
97.2 

98.4 

-'98.9 

99.3 

99.2 %, 
. 98.8 

. 

Penetratioi 

e.8 

.1.6 * 

1.1 

0.7 

0.8 

1.2 

. 
. 

* : 

-. 

Minimum 
Efficloncy 

Particle Face . 
Size, Velocity, 

Micron -cm/oec. 

.2 10 

.2 . 2 , 

.2 10. 

.2 1 

.2 0.5 

.2 40 

'Relative 
Penetration 

4.0 

2.3 

1.6 

1.0 . '- 

1.1 . 
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ontimating outoldo 1nfluoncoo. Thor?o concontratiollrt indicate no oignificant in- 
halation hnzardo at tho Knoll0 Slto. 
etatiotically eigaifictant vals105. 

Alpha activity dotorminationo wore bqiow 

Tho statue of vogotation contaruination on tho filollo Site, vicjnity and 
Wont Nilton io lndicatod in Tablo 8. Variation0 In natural potaooium activity, 
and outoido ~~~UOIEOU II&LO it difficult to aooooD the 0010 influence of local 
OpOratiOil0. Woot Nilton oamp100, howovor, aro a guldo to tho lnfluonco of out- 
eido ~ourcoo. 

- !aJi 

Contamination of vogotation due to activity In precipitation 
ra n or onow) io probably the dominant offoct rathor than tho dopooition from 

-' . o&It 
An occaoionnl ovidcnco of I-131 contamination in the envlrono is indicated 

by the data in Tublo 9. . 
Summing up the air cleaning statiotica at KAPL, the moot oignificant amounts 

of alpha activity, fiooion product activity, and radioactive particle0 are 
emitted from the Separations Process otack (approximately 100 ft. high). The 
stack effluent from Building D-3 roof stack (approximately 16 feet high) containi 
the moot significant concentration6 of beryllium. Atmoaphoric dilution, though 
ueually of a low order, must be relied upon occasionally, even after treatment, 
to reduce airborne contaminants to acceptable levolo'from the point of vie-< of 
inhalation hazard and vegetation contamination. The Separations Pilot Plant 
stack air effluent has received the greatest attention with roqect to isotopic 
Identification of radioelements emitted, particle size, and proper sampling 
methods. 

AIR SAMPLING AK3 AIR CLEARING INVESTIGATIONS 

Air eampling and air cleaning investigationa at the Knolls Atomic Power 
Laboratory during fiscal yoar 1953 were groupd into three categories: (1) ef- 
ficiency studies of filter media, (2; efficiency studies of air trampling and air 
cleaning units, and (3) the evaluation of the KAPL separation8 'process atack ef- 
fluent. Some of the results of efficiency studies of filter media are briefly 
discussed 'here. . 

Filter Efficiency Studiee . 
* 

The efficiency of eix air sampling filter media WQB determined in the par- 
ticle oize range of 0.2 to 2.1microns under the light microacopo uoing Mi.llipore 
filtore. The filter media, Whatman-& and 41, Hollingeworth and Vase-70, AEC-1, 
Chemical Corp 6 (CUS-C), and AU (1106-B) glass fiber paper were tested through- 
out the face velocity range of 0.5 to 100 cm/occ. Efficiency WRB expreoocd on a 
size count baoio'for oolid psrticleo of 2.7 @t/cm3 donrjity. Tho IILX&GU and 
minimum cfficiencicn for thcec filter media in the specified rangeo are lioted 
In Table 10. 

The maxbun efficiency for all filter media Tao penter than 99.5 per cent 
at variouo face velocitieu for 2.1 micron particlco. Tho minimum officiencjr for 
all filter media cxcopt the Whatman woo greater than 92.0 por cent for particle 
eizoo of 0.2 micron. It io indicated by the data in Tablo U, however, that at 
olprating face velocitioo of 20 cm/net, the efficicncieo of all. filter media are 
greator than 97 per cent even for 0.2 micron particloo. 

Theoe officloncy otudioo of the filter modiu aro being oxtondod to the nub- 
microocopic rwqp L/ analyzing under the electron microocopo the partlcloo ontcr- 
lng and paorjing thsough tho toot ffiltor modiu. 
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